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Disclaimer 
 
This document contains description of the OpenUP project findings, work and products. Certain parts of 
it might be under partner Intellectual Property Right (IPR) rules so, prior to using its content please 
contact the consortium head for approval. 
In case you believe that this document harms in any way IPR held by you as a person or as a 
representative of an entity, please do notify us immediately. 
The authors of this document have taken any available measure in order for its content to be accurate, 
consistent and lawful. However, neither the project consortium as a whole nor the individual partners 
that implicitly or explicitly participated in the creation and publication of this document hold any sort 
of responsibility that might occur as a result of using its content. 
This publication has been produced with the assistance of the European Union. The content of this 
publication is the sole responsibility of OpenUP consortium and can in no way be taken to reflect the 
views of the European Union. 
OpenUP is a project partially funded by the European Union. 
The European Union is established in accordance with the Treaty 
on European Union (Maastricht). There are currently 28 Member 
States of the Union. It is based on the European Communities and 
the member states cooperation in the fields of Common Foreign 
and Security Policy and Justice and Home Affairs. The five main 
institutions of the European Union are the European Parliament, 
the Council of Ministers, the European Commission, the Court of 
Justice and the Court of Auditors. (http://europa.eu.int/)  
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Executive Summary  
The goal of the OpenUP project is to develop a cohesive framework for the review – disseminate - assess 
phases of the research life cycle. As part of this work, the project is developing recommendations and an 
implementation plan for a new open approach to metrics, which gives stakeholders the data and tools 
they need to develop and share novel measures of scientific impact (Open Metrics). The present study 
is intended as a contribution to this goal. 
The study begins by defining a preliminary conceptual framework, describing the chain of events leading 
from the outputs of basic research (publications, data, software, cell lines, equipment, methodologies, 
theories etc.) to the outputs of applied research (products, treatments, technology components etc.) to 
societal, financial, health and environmental impact. It goes on to discuss how these impacts are 
currently measured in the short term (over periods of days and weeks), the medium term (over periods 
of years) and the long term (periods of decades), and to identify the main providers of impact metrics. 
The following chapter describes the methodology of the study. The study began with an informal review 
of the literature on impact metrics which was used to create a provisional definition of research impact, 
a sample inventory of available tools for measuring impact, a categorization of impact metrics users and 
the identification of key open issues. Using the results of the literature review, it went on to develop a 
first draft of their proposed solution for a next generation impact metrics platform. Feedback on the 
proposal was gathered through 22, one-hour, semi-structured interviews with scientists, metrics 
providers and publishers. Initial findings were presented at the Open Science Fair, in Athens, in 
September 2017. The workshop was attended by about twenty participants, mostly from the science 
community but also including bibliometricians and commercial providers of impact metrics. Between 
February and March 2018, the project team analyzed the results, which contributed to the technical 
recommendations outlined in Chapter 5. 
The literature survey showed there are very few well-recognized metrics for the impact of scientific 
research and that most have bibliometric roots, measuring the impact of scientific articles, authors, and 
journals. Other forms of scientific output (e.g. code, data, experimental protocols, animals, equipment) 
are largely ignored. The review identified four main actors in the production and consumption of 
research metrics – researchers, publishers, commercial providers of metrics, and subscribers to their 
services – and identified the main roles of each. These results informed the subsequent interviews. 
On the basis of the literature review, the team identified three different uses for research metrics: 
1. Researchers use them to guide their research, and careers 
2. Institutions use them to manage and develop their strategies for research, to compete with 
other institutions for prestige, and to manage their students, staff and resources 
3. National and European policymakers use them to evaluate public spending on higher 
education and research 
Many of the senior scientists interviewed reported that they had developed their careers and research 
before impact metrics became important. While some confirmed that their university use impact metrics 
as an indicator of research quality, a marker of achievement, and to manage their students, staff and 
resources, others reported that impact metrics are used in recruitment only when in special cases. 
Many interviewees perceived current uses of impact metrics in a negative light. In particular, many 
believe that they create perverse incentives for researchers who are led to focus their research on citable 
publications rather than on the production of new knowledge.  Interviewees accepted that bibliometric 
data reflect community evaluation of publications, but were also convinced that bibliometrics is not the 
best way to promote excellence in science, insisting that outputs such as software and data may be just 
as relevant. Many respondents would welcome new metrics for these. In other words, they would like 
to see a shift of emphasis back to science and to openness and sharing and away from metrics, 
milestones, reports and deliverables.  
University administrators recommend that the next generation of impact metrics should explicitly link 
research outputs to industrial and medical applications and thus to their economic and societal impact. 
In their opinion, the next generation of impact metrics, based on big data and analytics, should integrate 
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bibliometric and non-bibliometric data from all sources (i.e. publishers, data repositories, and digital 
research groups). Policy makers and funding organizations believe that the next generation of impact 
metrics should provide data, tools and reports linking grants to the research output of researchers, 
laboratories and universities. 
Interestingly the bibliometricians and scientometricians interviewed for the study expressed their 
willingness to help define and develop the next generation of metrics. Likewise, commercial providers 
confirmed their willingness to collaborate to define the next generation of bibliometric and non-
bibliometric metrics.  
Considered together, the interviews pointed to several limitations of current metrics: 
• The available impact factors present a limited view of the reality of scientific research. 
Existing measures are not good enough to answer specific questions by stakeholders. For instance, 
they provide no way of making comparisons between disciplines and no way of measuring the 
performance of specific groups.  Difficulties in accessing raw data make it difficult to produce novel 
indexes to differentiate the space or to ask custom questions. 
• Metrics create distorted incentives. 
Metrics and their role in promotion and funding decisions create strong incentives for scientists to 
publish in high impact journals. Conversely, journals are incentivized to publish research likely to 
produce high numbers of citations. This makes it difficult to publish vital but non-spectacular 
scientific results (e.g. replication studies, negative results, large data resources).  
• Metrics are easily gamed.  
The dominance of a small number of metrics creates an environment that is easily “gamed”. 
• Metrics encourage publication bias.  
Publication bias is the bias introduced into the scientific record when journals focus on “high impact” 
positive results and is at least partially driven by journals’ need to maximize their Impact Factors. A 
recent article suggests in fact that the reliability of published research in some fields is inversely 
correlated with journal rank. 
• The market is dominated by a small number of metrics providers. 
With few metrics providers, few players set the rules. This limits innovation, leads to unreasonable 
pricing and limits the choices available to user communities. The data provided is often expensive, 
restricted, and non-replicable. 
• Scientific communities do not own the metrics production process. 
Researchers have little understanding how the more popular bibliometric indicators are 
determined, and no access to the underlying data. They thus have no way of replicating or validating 
the results. 
• Current metrics do not give proper credit for scientific outputs other than publications. 
Current metrics do not reflect scientific output that does not take the form of publications (e.g. data, 
code, research protocols, cell lines, animals, laboratory equipment). If we wish scientists to share 
their data and code, they should receive proper credit.    
The final chapter of our study discusses the implementation of the next generation of impact metrics 
through the proposed OpenUP platform.  
The immediate Return on Investment (ROI) for basic scientific research is scientific impact – 
improvements in knowledge of our physical, biological and social world. The Return on Investment 
(ROI) for applied research and the long-term Return on Investment for basic research is societal impact 
(i.e. impact on health, environment, the economy, etc.). However, many of these impacts are hard to 
measure and may only be apparent decades after the original investment. This creates a strong demand 
from funders and policy makers for metrics that predict impacts before they can be measured. This 
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raises the question if, and if so, what metrics can predict the impact of basic and applied research before 
they happen, giving some, approximate measure of their likely Return on Investment. Such metrics 
should allow funders and administrators to define SMART goals, i.e. goals that are Specific, Measurable, 
Agreed-upon, Realistic and Time-bound.  The use of such metrics mitigates the risk of science led by 
ideology and special interests. 
 
OpenUP proposes a new, open approach to impact metrics in a new platform offering a series of new 
impact data services. The main requirements for the platform include: 
• Increased coverage: inclusion of data that is not widely used in current metrics (e.g. citations of data, 
code, animals, laboratory equipment, experimental protocols, products, technology components, 
treatments, medicines). 
• New citation standard and methods to links data: new citation standards, and new methods to link 
data, code, animals, laboratory equipment, experimental protocols, products, technology 
components, treatments and medicine, based on universal or global persistent identifiers (i.e. DOI, 
handles, ORCID). 
• Collection of impact data: collection of the data required to calculate impact including article meta-
data, links to data and code, reference lists, data on downloads, views etc. and other data provided 
by publishers (social and media mentions, patents, etc.).   
The service will be web interfaces and appropriate APIs offering users access to the data they require to 
reproduce current metrics (e.g. to calculate citation counts, and impact factors), to calculate metrics for 
specific subsets of data (e.g. all citations by a specific class of user), to produce novel metrics, and to 
share these metrics with the community.  The service will also allow users to develop new metrics in a 
collaborative public manner and to share them with other users. 
Development of the proposed OpenUP Impact Data Services Platform will require close collaboration 
with the research community, publishers, bibliometric providers, aggregators, and repositories. Based 
on the stakeholder and user community engagements, and requirements gathered in the previous steps, 
the project has validated a High-Level Technical Design, described in the body of the report. The design 
will allow the integration of completely new metrics, currently at the R&D stage. As an example, the 
report cites metrics based on term maps. 
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1 Project Background 
1.1 OpenUP Project Goals  
The goal of the OpenUP project is to develop a cohesive framework for the review – disseminate - assess 
phases of the research life cycle. 
To achieve this goal, the project will: 
• Identify and determine ground - breaking mechanisms, processes and tools for peer - review for 
all types of research results (publications, data, software) (Open Peer Review) 
• Explore, identify and classify innovative dissemination mechanisms for outreach towards 
businesses and industry, education, and society as a whole (Open Dissemination) 
• Develop recommendations and an implementation plan for a new open approach to metrics 
which gives stakeholders the data and tools they need to develop and share novel measures of 
scientific impact (Open Metrics) 
The consortium will follow a user-centered, evidence-based approach, engaging all stakeholders 
(researchers, publishers, funders, institutions, industry, public) in an open dialogue, in the form of 
workshops, conferences, and training activities. Interim results will be validated via a set of seven pilot 
projects involving communities from four research disciplines - life sciences, social sciences, arts & 
humanities, and energy -  as well as through surveys, interviews, case studies, workshops, and focus 
groups.  
The result will be: 
• A set of validated policy recommendations and guidelines for national and European 
stakeholders, including EU institutions. 
• Concrete plans for the implementation of the recommendations allowing for the assessment of 
technical and economic feasibility and providing a basis for funding application for 
implementation. 
1.2 Scope of this document 
This study contributes to the third goal of the OpenUP project: develop recommendations and an 
implementation plan for a new open approach to metrics which gives stakeholders the data and tools 
they need to develop and share novel measures of scientific impact (Open Metrics). 
The study is divided into four sections. 
The first, Impact of Science Today, discusses the types of research, the different forms of research impact 
and the measurements used today. 
The second, Methodology, presents the approach the study followed to achieve a user-centered, 
evidence-based approach, and to engage all stakeholders.  
The third, Results, discusses available metrics and the way they are consolidated and generated, and 
reports interviews on current uses of research impact metrics and their known problems  
The fourth, Conclusion: Implementing the Next Generation of Research Impact, discusses SMART Metrics 
and the way these will be implemented in the OpenUP Impact Data Services.  
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2 Impact of Science  
2.1 Definitions 
To measure the impact of science, we first have to define what we mean by impact. In what follows, we 
offer a preliminary conceptual framework for the discussion. 
 
Research is a logical and systematic search for new and potentially useful knowledge and 
understanding of a particular topic. Research referred to in this paper is broadly classified into two 
classes: 
• Basic research 
Fundamental or basic research investigates basic principles and reasons for a particular event, 
process or phenomenon. Basic research provides a systematic and deep insight into a problem. 
Reference: http://www.innspub.net/types-of-scientific-research/ The examples of Basic Research 
we use in this study will be CERN and EPFL’s Blue Brain Project.  
At CERN, the European Organization for Nuclear Research, physicists and engineers probe the 
fundamental structure of the universe, using the world’s largest and most complex scientific 
instruments to study the basic constituents of matter. Reference: https://home.cern/about.  
In the Blue Brain Project, a Swiss Brain Initiative, a multidisciplinary team aims to build biologically 
detailed reconstructions and simulations of the rodent, and ultimately the human brain. The 
supercomputer-based reconstructions and simulations built by the project offer a radically different 
approach for understanding the multilevel structure and function of the brain. Reference: 
https://bluebrain.epfl.ch/cms/lang/en/pid/56882 
• Applied Research 
Applied research attempts to solve practical problems of the modern world. The objective of applied 
research is to achieve practical results in terms of economic gains, and human well-being (e.g. health, 
environmental conditions, energy usage, psychological and social problems etc.). Applied research is 
often conducted with the support of funding agencies like national governments, the world bank, 
UNICEF, and the UGC. Another large segment of applied research is funded by private industry 
Reference: https://en.wikibooks.org/wiki/Research_Methods/Types_of_Research 
In this study, our prime example of Applied research will be the work performed by Acorn 
Computers. Acorn Computers Ltd. was a British computer company established in Cambridge, 
England, in 1978. The company produced a number of computers that were especially popular in the 
UK, including Acorn Electrons, BBC Micro, and the ARM 32 bit RISC. Reference: 
https://en.wikipedia.org/wiki/Acorn_Computers.  Later developments, based on work performed at 
Acorn, had a huge impact on modern mobile computing and other related fields. 
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2.2 From Research to Real World Impact  
Maximizing the impact of scientific research is a key priority for government and research funding 
agencies. Importantly, many impacts are long term and often indirect. For instance, basic research may 
lead to the discovery of new physical principles which allow the design and manufacture of new 
electronic devices (e.g. the transistor) which end up by driving whole new industries (e.g. the modern 
electronics industry).  
Basic research produces a broad range of outputs including publications, data, software, cell lines, 
equipment, methodologies and theories. To the extent that these outputs are reused, they have an 
impact. Successful outputs from basic research contribute to the success of applied research.  
The outputs of applied research are products, treatment, technology components, drugs, etc. which may 
have a direct impact on science, society, health, and the environment.   
A complete picture of the impact of a particular study or area of research should account for its position 
in this complex chain of events and its direct and indirect contribution to real world outcomes. (See 
Figure 1) 
 
Figure 1: Basic Research contributes to the success of Applied Research 
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2.3 Impact Metrics  
The literature on impact metrics defines a broad range of scientific and societal impact and a variety of 
metrics for measuring them. (James Ravenscroft, 2017). To do so, it uses a variety of metrics, each 
measuring particular aspects of research impact. Notably, however, some aspects of research impact, 
particularly long-term impact, are very difficult to measure.  
Table 1: Research Impact and metrics 
Timeframe When Outputs Impact Impact metrics 
Short-term Days/weeks Basic research 
produces papers, 
patents, methods 
and protocols, data, 
instruments, cell 
lines, animal lines, 
materials etc. 
 
Applied research 
produces products, 
treatments, 
technology 
components, drugs, 
etc.  
 
Attention by 
scientific 
community, 
attention in media   
 
Publications, 
downloads, views, 
media mentions, links 
(altmetrics) 
Medium-
term 
Years Substantial changes 
in scientific 
theories, 
knowledge, and 
methods    
 
Bibliographic, including 
citations and patent 
metrics,   
Equivalent metrics for 
other outputs currently 
missing 
Long-term Decades Advances in 
scientific 
knowledge, theory 
and methods, 
economic impacts, 
health impacts, 
environmental 
impacts, other 
social impacts 
(effects may be 
indirect) 
 
Bibliographic and patent 
metrics, equivalent 
metrics for other 
outputs,  
 
Qualitative analysis of 
scientific impact, social 
and economic 
indicators, health 
impact, environmental 
impact, social impact 
and other impacts. 
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2.4 Providers of Impact Metrics 
The majority of the providers of Impact Metrics are commercial, selling services for a fee. In most cases, 
the metrics are not transparent (i.e. the supplier does not provide the raw data necessary to compute 
the metric).  (See Table 2). 
Table 2 : Providers of Impact Metrics 
Impact Metrics Provider profile  
Short term: views, downloads, media mentions 
 
 
AltMetrics provide metrics and qualitative data complementing 
traditional, citation-based metrics. These may include peer reviews, 
citations, discussions on research blogs, mainstream media 
coverage, bookmarks on reference managers and mentions on 
social media. Reference: https://www.altmetric.com/  
 
PlumX Metrics measure usage, capture mentions, social media and 
citations for articles, conference proceedings, book chapters online. 
Reference: https://plumanalytics.com/  
 
 
CrossRef’s Event Data, currently in beta test, provides raw data on 
the way research is shared, liked and commented on in social media. 
It also provides data on article mentions  in Wikipedia, Reddit or 
post-publication annotations. Reference: 
https://www.crossref.org/services/event-data/ 
Medium term: bibliometric data 
 
 
Web of Science is an online subscription-based scientific abstract 
and citation indexing service originally produced by the Institute of 
Scientific Information (ISI),and  now maintained by Clarivate 
Analytics. Reference: https://webofknowledge.com/ 
 
Scopus is Elsevier’s subscription based abstract and citation 
database for Life Sciences, Social Science, Physical Science and 
Health Sciences. Reference: 
https://www.scopus.com/search/form.uri?display=basic   
 
 
 
Google Scholar is a freely accessible web search engine indexing the 
full text or metadata of scholarly literature in different publishing 
formats and disciplines. Google Scholar calculates and displays 
individuals’ total citation counts, h-indices and i10-Indices. 
Reference: https://scholar.google.com/  
 
 
Crossref is a not-for-profit association of about 2000 voting 
members representing 4300 societies and publishers including 
both commercial and not-for-profit organizations. Cited-by lets 
members show authors and readers what other Crossref content is 
citing their content. The service is a little like reference linking in 
reverse, letting your readers navigate from an article to the articles 
that are citing it. Reference: https://www.crossref.org/ 
 
The Initiative For Open Citation is a collaboration between scholarly 
publishers, researchers and other interested parties to promote the 
unrestricted availability of scholarly citation data. Reference: 
https://i4oc.org/ 
Medium to Long Term: patent metrics 
 
 
The Lens is an open platform for Innovation Cartography. The Lens 
serves nearly all the patent documents in the world as open, 
annotatable digital public goods that are integrated with scholarly 
and technical literature along with regulatory and business data. 
Reference: https://www.lens.org/ 
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3 Methodology 
As indicated in Section 1.2, this study contributes to the third OpenUP goal: develop recommendations 
and an implementation plan for a new open approach to metrics which gives stakeholders the data and 
tools they need to develop and share novel measures of scientific impact (Open Metrics). 
The study starts with the basic assumption that research and funding agencies need to measure the 
impact of science to judge which research to fund and to measure return on investment (ROI), and that 
this need is not fully satisfied by available impact metrics. This study is an initial step towards identifying 
gaps between what is available and what is required. The end goal is to close these gaps, and effectively 
measure the impact and contribution of research.   
In line with the consortium’s user-centered, evidence-based approach, the study was conducted as 
follows: 
Between June 2016 and December 2016, we conducted an informal survey of the literature on Impact 
Metrics using Google Scholar, filtering on key words “research impact”, and “impact metric”. Out of 
the top 200 research results, we selected 30 articles that described impact metrics going beyond 
citations and social media.   
Using these articles, supplemented with information from the OpenUP Survey on Metrics: 
• We developed a provisional definition of research impact and operational definitions of 
variables.  
• We created a sample inventory of currently available tools for measuring impact. As a starting 
point, we referred to impact metrics used by publishing companies. Next, we referred to 
available materials from the internet, linking to university and government webpages.  
• We identified different categories of impact metrics users, analysing the different ways in 
which they use and derive value from the metrics. 
• We identified key issues raised during debates on research impact.  
On this basis we prepared a first draft of our proposed solution for next generation impact metrics 
and interviewed consumers and producers on their usage, needs and future plans. Profiles of the 
interviewees (i.e. name, affiliation, roles and country) are available in Appendix A: List of 
Interviewees. 
• Between August 2017 and January 2018, we tested our hypotheses in semi-structured 60-
minute interviews with 13 scientists and 9 metrics providers who we knew from professional 
and personal contacts. Of the scientists, 2 interviewees were active researchers, 3 provided 
administrative services to their respective universities (i.e. library services, advisor to the 
president), 7 occupied senior professor positions with research, departmental and university 
responsibilities (i.e. head of department, member of recruitment and promotion panels).  One 
conducted research on information science, while simultaneously providing editorial services 
to an open access publisher.  
• From the publishers, we invited 4 interviewees, all with a research background. Of this 
selection, 3 interviewees are also providers of impact metrics.    
Interviews were conducted either face to face or via web videoconferencing tools. All interviewees 
gave their consent for their names to be published.  
Separate interview guidelines were prepared for consumers and producers of impact metrics. 
• Consumers were defined as senior scientists, who had occupied different roles as researchers, 
managers of departments or laboratories, members of recruitment panel, and members of 
selection panels for grants and funding. Publishers were also classified as consumers.  
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• Consumers were asked how they used impact metrics, and what data and tools they would like 
to include in the next generation of impact metrics.  
• Providers were defined as providers of bibliometric or other impact data who have made a 
significant contribution to the development of impact metrics.  
• Producers were asked about their development plans for new metrics, about whether they 
were willing to participate in collaborative efforts to develop the next generation of impact 
metrics and about their willingness to give users the data and tools to access, consolidate, 
analyse and create their own report.  
In September 2017, we presented our initial findings at the Open Science Fair, in Athens. The 
workshop was attended by about twenty participants, mostly from the science community but also 
including bibliometricians and commercial providers of impact metrics. 
Between February and March 2018, we analysed the results. The results were integrated in this 
report, reviewed by the OpenUP partners, contributing to the technical recommendations outlined 
in Chapter 5 of this report 
3.1 Limitations 
• The study covers European research. We did not attempt to include research in North America, 
Asia, Middle East and Africa. 
• The study only covers research results published in English.   
• The study provides a cross-disciplinary overview. It does not look at the needs of individual 
disciplines. 
• Of the senior scientists invited, 11 were male and only 2 were female. Of the impact metrics 
producers invited, 8 were male and 1 was female. The limited selection of women interviewees 
reflects the current male-female imbalance at senior levels of academia.  (Luna, 2006)  
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4 Results  
In this section we present the main results of our study, some of which are derived from our literature 
review, and some from interviews with consumers and producers of impact metrics.  
4.1 Literature survey 
4.1.1 Current research metrics 
Today, there are very few well recognized metrics for the impact of scientific research. Most measure 
the impact of scientific articles, authors, and journals. Other forms of scientific output (e.g. code, data, 
experimental protocols, animals, equipment) are largely ignored.   
The majority of current metrics have bibliometric roots.  
• A Citation count measures the impact of scientific article by counting the number of times other 
authors cite it in their own work. Resources that identify citations include Web of Science, 
Scopus and Google Scholar. (Groote, 2017). Web of Science and Scopus both provide official 
citation counts. 
• An Impact Factor measures the impact of a frequency with which the articles published by a 
journal have been cited in a particular period. The calculation is based on a two-year period and 
involves dividing the number of times the articles were cited by the number of articles that are 
citable. (Groote, 2017) 
• The H-Index is an author-level metric that measures the productivity and citation impact of the 
publications of a scientist. A scientist with an index of h has published h papers each of which 
has been cited in other papers at least h times. The h-index reflects both the number of 
publications and the number of citations per publication. The index is designed to improve upon 
simpler measures such as the total number of citations or publications. Since citation 
conventions differ widely among different fields, the index works properly only for scientists 
working in the same field. The index can also be used to measure the productivity and impact of 
a journal, a group of scientists, a department, a university, and a country.  (Wikipedia 
contributors, 2017) 
• Semantometrics proposes metrics based on semantic evaluation of the full text of a research 
paper. (Petr Knoth, 2014) 
• Article Level Metrics, made popular by publishers such as Frontiers, PLOS, and Springer, are 
citation metrics that measure the usage and impact of individual scholarly articles.  
Other emerging indicators propose non-bibliometric measures of impact: 
• Altmetrics provide a set of indicators measuring the quality and quantity of attention that a 
scholarly work receives through social media, citations and article downloads. (Groote, 2017) 
• Webometrics measure quantitative aspects of the construction and use of information resources, 
structures and technologies on the Web drawing on bibliometric and informetric approaches.” 
(Lennart Björneborn, 2004)  
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4.1.2 Generation and consolidation of metrics 
Research results can take the form of a publication (i.e. article, data, and code) but may also involve 
other form of output (e.g. laboratory equipment, cell lines, research protocols, methodologies, theories). 
The process of measuring research impact involves several actors. The flow is illustrated in Figure 2. 
The description of the action is discussed in Table 3. 
Figure 2: Measuring Research Impact Today, the process flow 
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Table 3: Measuring Research Impact Today, the actors 
Steps Actor Description of Action 
1 Researchers  Researchers share their research results with the community, primarily 
through publications but also through preprints, data repositories (e.g. 
Swiss-port), code repositories (e.g. GitHub) and other mechanisms (e.g. 
making animals and cell lines available to other researchers) 
Publications contain references to outputs from other researchers 
(primarily other publications). Reference formats are publisher-specific. 
Researchers access publications digitally to read the updates and to 
reference the article in their own articles. Researchers can also download a 
copy of the article, share the article through social networks and tweet 
about the article. 
2 STM 
Publishers 
STM publishers publish an article by an author on a topic and communicate 
the results (i.e. articles, data, and code) to their intended audience through 
a range of dissemination channels. They preserve a “frozen” version of the 
paper for future reference and citation. 
For purposes of internal monitoring, publishers generate impact data for 
articles they publish (i.e. views, downloads, tweets, presence in social 
media, and citations). 
OA publishers provide unlimited access to the articles they publish. Some 
also provide APIs and file transfer facilities, allowing users to download 
copies of the articles in bulk. OA publishers also provide copies of their 
articles to repositories such as OpenAIRE, CORE, and PubMed Central. 
Traditional publishers restrict access to the articles they publish, to 
subscribers (individual subscribers, other readers whose institutions have 
purchased subscriptions on their behalf). 
3 Bibliometric 
Commercial 
Providers 
Commercial providers of bibliometric data acquire articles through 
agreements with subscription journals. They can also acquire the articles 
manually through screen scraping technologies, downloads, or APIs. They 
index the articles and relevant data (i.e. citations, downloads, tweets), 
aggregate the date, and publish the resulting metrics through the web or in 
files for download. Some data acquisition activities are continuous. Some 
are performed periodically (i.e. on a monthly or an annual basis). Similarly 
some metrics are updated in real time. Other are released at monthly, 
quarterly or yearly intervals. 
Most commercial providers focus on article citations. Although there exist 
standards for data and software citation exist (data: DataCite, OECD Data, 
The Dataverse Project, Computing Index of Citation Adequacy, IASSIST 
Classification, Data Citation Adequacy Index; software: FORCE11) they are 
not yet widely used. 
Other research outputs (e.g. cell lines, equipment, methodologies, theories) 
are also shared among practitioners. However, citation principles, metrics 
for these outputs are not yet available. 
4 Subscribers 
to 
bibliometric 
services 
Subscribers to bibliometric services access metrics through the web or a 
download facility. 
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4.2 Interview results 
4.2.1 How does the science community use impact metrics today? 
Our interviews showed that impact metrics have many different categories of user who use them for 
different purposes. We identified three such purposes. 
1. Researchers use impact metrics to guide their own research, and careers 
2. Institutions use them to manage and develop their strategies for research, to compete with 
other institutions for prestige and to manage their students, staff and resources 
3. National and European policymakers use them to evaluate public spending on higher 
education and research 
 
Researcher use of impact metrics to guide their research and careers. 
Individual scientists see publication as a primary measure of their research. They use impact metrics to 
assess where they will publish their work.  
SR uses the journal impact factor to determine where he will publish his papers. He believes 
breakthrough research is published in high impact journals. He also believes the scientific community 
respect you more when you have published in such a journal. The Blue Brain paper Reconstruction and 
Simulation of Neocortical Microcircuitry, published in Cell, gave him this leverage. He believes that peer 
reviewers for high impact journals are often more expert than reviewers in lower impact journals. The 
fact that his Blue Brain paper was validated by such experts, gave him instant glamour. The citation 
count, which takes years to build, was secondary. 
WM states that, 15 years ago, as an active researcher, he used highly cited articles as a primary source 
for his research. Impact factors did not influence where he published. When applying for research 
grants, he was aware that H-index was important but at earlier stages of his career this was not relevant  
MH believes that as a young researcher, impact metrics hindered his science. Instead of experimenting 
to gain knowledge and to produce good science, he experimented to produce content he could publish, 
and use to win citations.  Publications and citations are his main incentives as a scientist, and he does 
not think this is right.  Yet, as a head of department, he realizes that he promotes the same system to his 
students, pushing them to obtain good impact metrics.  
To provide a more objective view, MH works with his students to evaluate research work and find 
weaknesses in current research practices.   
The first of these weaknesses is the tendency not to publish negative results. This has an escalating and 
damaging effect on the integrity of knowledge. Research starts by conjecturing a relationship between 
an independent variable and a dependent variable. The purpose of hypothesis testing is to determine 
how the credibility of the relationship changes after the testing. A priori credibility – credibility before 
testing -  is constructed on the basis of the available literature. When published, the results of the 
hypothesis testing should contribute to an unbiased update of the credibility of the relationship. But 
publication bias produces an artificial increase in the credibility of the relationship and each positive 
publication strengthens the effect. This, in turn, diminishes the credibility of hypothesis testing, calling 
into question the integrity of the entire experimental framework.  
The second weakness is poor replicability. When the focus is on publication rather than on scientific 
quality, replicability suffers. More than 60% of scientists responding to a Nature survey in 2016 (Baker, 
2016) confirmed that problems in reproducibility were due to the pressure to publish and selective 
reporting of positive results.  
MH believes that the higher a journal’s impact factor the lower the replicability of the research it 
publishes. In his work with his students, he has found statistical evidence that study replicability is lower 
in the higher impact factor journals.  
AK ‘s scientific career developed before impact metrics became important. He has published more than 
750 articles. He also disseminates in other ways. Some of his conference presentations are good, some 
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are bad. “In my field, us computer scientists and electrical/communication engineers publish very little. 
It seems bibliometrics is not important.” He cites the University of Hanover, which explicitly refuses to 
use impact metrics. When you want to make an impact, metrics are useless. Current metrics encourages 
incremental science and discourages innovation. Today’s metrics rely on publication-based citations. A 
high citation rate is perceived as impact. As a result, the science focuses on output that can be published. 
It should be the reverse. Science should focus on the innovation, publication should be secondary. 
SF, best known for his work at Acorn Computers. where he was one of the designers of the BBC Micro 
and the ARM 32-bit RISC, says that what drove his work was potential commercial impact. In those days, 
there was less pressure to publish. Many of the results he obtained were due to serendipity. In the 1980s, 
Nokia used the Acorn chip. Decades later, Apple also decided to use the chip, with the result that it is 
now used in more than 86 billion computer chips. (ARM media fact sheet 2016) None of this could have 
been predicted in advance. 
The same is happening today. In the 1990s SF’s research on asynchronous communication was not ready 
for translation into commercial applications. But today it is the main principle driving new manycore 
computer architectures. The SpiNNaker (Spiking Neural Network Architecture) project, which SF leads, 
plans to use 1 million ARM processors in a massively parallel computing platform based on spiking 
neural networks. Again, this could not have been predicted in advance. There were no indicators to 
suggest the research would develop in this direction.  
KM says that when he was a young researcher, there was no automatic registration, collection, and 
aggregation of data by bibliometrics providers. In the CERN/Hamburg biometric particle physics 
laboratory, where he worked, research was focused on a few areas. His found his first academic positions 
through personal recommendations from his mentors. It was a homogenous society. He appeared in the 
conferences, he was known in the community. He published. People knew who he was. It was word of 
mouth that enabled his scientific career.    
It will be noted that during our interviews, very few interviewees mentioned alternative metrics. This 
contrasts with results from the OpenUP Survey (OpenUP survey on researcher’s current perceptions and 
practices in peer review, impact measurement and dissemination of research results)) which showed that 
scientists of all degrees of seniority in all disciplines paid significant attention to such metrics. We 
speculate that the difference may be due to differences in the samples for the two studies (interviews: 
representative panel of impact data consumers, survey: self-selected respondents to online survey). We 
note that in the survey, users from universities and research institutions reported lower use and interest 
in alternative metrics compared to the "others" in the OpenUP survey. All the respondents in our 
interviews belong to the first two groups.  
 
Institutional use of impact metrics  
RF, best known as one of the pioneers of MRI technology and brain plasticity research, confirms that 
many universities use impact metrics as an indicator of quality, a marker of achievement, and to make 
decisions on selection and promotion. He believes that this way of using of impact metrics is criminal, 
encouraging science communities to compete with each other, not to collaborate and mature. To attach 
impact metrics to promotions is not good. Bibliometrics is not the way to promote excellence in science. 
You cannot take decisions based on metrics. 
GE, a member of several recruitment panels, says impact metrics are used only when relevant. He states 
that H-index values are field specific and only relevant for more senior scientists. As far as concerns 
social media, he recalls referencing Altmetrics to check the internet presence of a candidate in digital 
humanities. He believes that impact metrics could also be useful when evaluating candidates in 
multidisciplinary fields like nano-technology and digital epidemiology. He adds that members of a 
selection panel are careful not to use impact metrics to eliminate candidates for jobs. 
MH is also involved in selection and promotions. He believes impact metrics are not useful to academics 
making decisions about their own field. You know the stars. You know where the research is going. True 
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experts are perfectly capable of making the right decisions without metrics. In interdisciplinary studies, 
bibliometrics may be more useful. But to be useful, they have to be differentiated and normalized. 
SF states that he makes no use of impact metrics when recruiting for his team. When considering 
candidates for PHD positions, he uses data on their academic performance, the research they have 
conducted in the past three years, their publications, their thesis and two independent assessments. In 
addition, candidates submit research proposals. These proposals test the candidates’ thinking 
processes. For post-doctoral positions, the key factor is the candidate’s experience in work relevant for 
the position. 
KM states that today, elementary particle physics has changed. Current grant applications rely on the H-
index, and on evaluation of 5 articles where the scientist is the primary author. In KM’s opinion, Google 
scholar’s H-index is dishonest. Scientists can obtain high values by working in large collaborations. The 
H-index does not correct for this kind of multi-authorship. Each author claims full credit for each paper 
and each ensuing citation. This flaw in measurement encourages artificial collaborations and multi-
authorship. University demands for 5 articles where the scientist is the primary author may correct this 
flaw. In particle physics, data analysis is as important as publication. The most cited research may not 
necessarily be the best. 
IS, AM, and PV share the view that bibliometric data is not everything. When measuring research, 
conference papers, software and data may be equally relevant. Presence in media and social media is 
less important. In general, bibliometric data reflect a community evaluation of the research. They are 
indicators of what is going right and what is being re-used. 
WH states that LIBER has a Metrics Working Group (Update from LIBER’s Metric Working Group) 
already educating the scientific community on the Leiden Manifesto’s ten point principles (Diana Hicks, 
2015)  listed as follows: 
• Quantitative evaluation should support qualitative, expert assessment 
• Measure performance against the research missions of the institutions, group or researchers 
• Protect excellence in locally relevant research 
• Keep data collection and analytical processes open, transparent and simple 
• Allow those evaluated to verify data and analysis 
• Account for variations by field in publication and citation practices 
• Base assessment of individual researches on a qualitative judgement of their portfolio 
• Avoid misplaced concreteness and false precision 
• Recognize the systemic effects of assessments and indicators 
• Scrutinize indicators regularly and update them. 
Similar to the researchers, institutional users of impact data reported little use of alternative metrics. 
Since the survey (OpenUP survey on researcher’s current perceptions and practices in peer review, impact 
measurement and dissemination of research results)) did not identify these users and may not have covered 
them, this is a new result.  
 
Policymaker use of impact metrics  
GE confirms that in Switzerland, bibliometric indicators are used for audit purposes, at a country, and 
university level only. At the national level, the university needs to report the contribution to science, for 
example number of students, number of professors, and number of patents. 
In his experience, impact metrics have no relationship to funding.  Philanthropists and funders give 
money to develop fields that interest them. Recent examples include cancer research, gene therapy, 
architecture and wood. The university evaluates the offer of grant, matches it with the university’s 
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programs and recruits candidates that can lead the research. Funders have no influence on the 
publications coming from the research they fund, and no interest in media and social media presence. 
KM states that excellence boards in Heidelberg do not use impact metrics to evaluate grant applications. 
This is done in multiple stages. There is a pre-selection, an interview, a site inspection of the laboratory. 
A full proposal is only required at the last stage. 
One example of the way policy makers measure the impact of university research is the UK Excellence 
Framework. SF describes the process as each department submits 1 written case study per 10 
academics, and their claims for impact. These are peer reviewed and scored by international advisers. 
The scores are 1-4. A 4-star rating means international leading research. Algorithms then transform the 
score into hard cash for the university. The first assessment took place in 2014. The next exercise will 
be in 2021. He cautions, however, that this is an expensive exercise. The 2014 assessment costs 
taxpayers GBP250M.  
Like our interviews with researchers and institution users, policy makers did not report significant use 
of alternative metrics. 
 
Summary of Results 
Researchers confirmed that impact metrics guide their research and publication. They use highly cited 
articles as a primary source for research. They use impact metrics to assess where they will publish their 
research. 
Senior scientists told us that their careers and research developed before impact metrics became 
important. Some of the interviewees from academic institutions confirmed that their university use 
impact metrics as an indicator of research quality, a marker of achievement, and to manage their 
students, staff and resources. Impact metrics aide selection and promotion. However, others reported 
that impact metrics are used in recruitment only in special case (i.e. evaluating candidates in 
multidisciplinary fields). The key criteria are academic performance, recent research, publications, 
thesis and assessments by independent experts. 
At the country level, practices seem to vary.  In Switzerland, bibliometric indicators are used for audit 
purposes, at a country and university level. It measures public spending on higher education and 
research. In Germany, impact metrics have no relationship to funding and grant applications.  In the 
United Kingdom, in contrast, they seem to have greater importance: grant applications refer to the H-
index of the scientist, and on the evaluation of 5 articles where the scientist is the primary author.  
Many interviewees perceive current uses of impact metrics in a negative light. In particular, many 
believe that they create perverse incentives for scientific research (e.g. research to publish instead of 
research to gain knowledge).  
Interviewees accept that bibliometric data reflect community evaluation of the article, they also believe 
that bibliometrics is not the best way to promote excellence in science. Other research outputs such as 
software and data may be just as relevant as articles. Many respondents would welcome new metrics 
for these and other relevant outputs 
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4.2.2 What data and tools does the science community require?  
Researchers  
According to SR, the next generation of impact metrics should measure actual work instead of where it 
is published. Metrics should also take account of software and data citation.  Sharing of research results, 
whether through publication, software or data is key to enabling collaboration and shortening the next 
research cycle.  As an example, Blue Brain has a neocortical microcircuit portal containing data produced 
by the project. A good impact metric would track access and reuse of these data. Blue Brain also produces 
software to simulate the behavior of biologically detailed reconstructions of brain tissue. A good impact 
metric would track access and reuse of this software. Reuse of data and software should be counted as 
impact. 
MH states there is a need to shift the emphasis back to science. First, there needs to be more focus on 
the science, and less focus on milestones, reports and deliverables. Let the scientist run the research 
programs not the bureaucrats. Second, trust the scientists with their grants, and give them more 
freedom. Third, reduce focus on impact and metrics. Swiss funded projects are output-based, and have 
minimal checks. Over the duration of a project, they will produce new methods, and new findings and 
will need to adapt. They do not get stuck on the bureaucracy of compliance. Next generation impact 
metrics should provide transparent data and reusable tools enabling the conduct of good science while 
minimizing checks for compliance. 
WH believes next generation metrics should enable a shift to openness. Traditional metrics are available 
and comfortable. Application of alternative metrics, (i.e. non-article-based metrics), will require time, 
money and bandwidth. The capacity of the scientific community to support the change is limited. The 
biggest challenge is the science community’s allergy to sharing research outputs. There is a perception 
that any obligation to share data is a limitation on freedom and a tendency to keep control of data as 
long as possible. Hence, the job of librarians has to change from the current focus on traditional library 
services to on-campus training to educate research groups, faculty groups, early career and senior group 
on open science, open access, open data, open metrics, and available e-service portfolio. 
 
University administrators 
RF recommends a triage. When evaluating a researcher, begin by reviewing his/her CV. Next, review the 
results of the preliminary interviews, check the reasonableness of responses to the interview questions 
and the breadth and depth of the researcher’s interests and knowledge, and also? conduct a broad scan 
of the field, comparing the researcher with other researchers.  
Today, there is an increasing tendency to write multi-authored papers. This raises the question of how 
to interpret authors’ positions in the authors list.  Traditionally, the first author contributes most and 
also receives most credit. The order in which authors appear sometimes depends on their effective 
contributions, sometimes on their reverse seniority; sometimes it is just alphabetical.  In neuroscience 
research, for example, a statistician may prove the reliability of the experiment using mathematical 
models, but will not be the first author in the publication. Evaluation should consider scientists’ 
individual contributions and not their positions in the authors list.  Finally, the soundness of the 
evaluation should be confirmed by an expert in the field. 
GE states that what are really required are data and tools that link research output to industry - 
connecting Scientific impact to Economic and Societal impact. Under the previous EPFL president, there 
was an emphasis on links to economic development. The priority was that no EPFL graduate should be 
unemployed. This is a value EPFL shares with other universities in Switzerland, like ETH.  
AK recommends that evaluation committees invest time and intellectual effort to read research results. 
Relying on impact metrics is inappropriate. Research has many outputs. Some are strategic, some are 
translated into theoretical insights, some are converted into products. Optogenetics, a research tool that 
allows optical control of neurons in model organisms to reveal how the brain works, changed the way 
researchers approach brain science.  The evolution of the original ACORN 8-bit processor into the ARM 
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chip that powers most modern devices today is research converted into a product.  Current metrics are 
inadequate. Next generation impact metrics should use big data and analytics. If researchers provide the 
data required, artificial intelligence (AI) can provide the analysis.  
KM also recommends that next generation impact metrics use artificial intelligence to look at a broad 
range of unstructured data. Metrics should consider not just researchers’ publications but also their 
travel patterns and presentations. Such impact metrics would make it easier for institutions to identify 
extraordinary scientists and their societal value and contribution. 
According to AK, the next generation of impact metrics should enable institutions to be creative, 
competitive, and guide the scientists to an optimal space. Institutions need to create an atmosphere 
where the next Einstein can grow and be productive.  Currently, institutions apply economic 
performance indicators to science but this was not the goal they were designed for. The next generation 
of impact metrics should provide data and tools to measure the actual quality of science. 
WH recommends that next generation impact metrics integrate bibliometric and non-bibliometric data, 
from publishers, data repositories, and digital research groups. The service should be aggregated under 
a single platform, and the results should be freely accessible, shareable and reusable. He acknowledges 
that today the infrastructure to collect data, conduct analytics, and compute aggregate and individual 
indicators, does not exist. Standards for alternative metrics (i.e. non-article-based metrics) are also 
missing.  
SF states that today’s quantitative approach to evaluating science, tends to ignore qualitative issues. We 
can understand a number, but the story behind the number is more difficult to understand. He cautions 
that numbers can lead us to wrong conclusions and decisions. Science is too complex and important to 
be summed up in a number. In bibliometrics, a lot of effort has been invested in normalization. For 
guidance, he refers to the Leiden Manifesto. Evaluations of science should be based on high-quality 
processes, informed by high quality data. There is a need to understand the significance of the numbers 
produced and the manner in which they are communicated.   
Doctors measure body temperature with high or low. This is a quantitative measure. If the temperature 
is abnormal, further quantitative tests are conducted. However, these are always followed by a 
qualitative interpretation of the results i.e. a diagnosis. The same applies to impact metrics. Just 
measuring journal impact factors is not enough to characterize scientific results and their significance.   
The next generation of measurement need to be simple and meaningful to policy makers who do not 
understand science. They may have been scientists in the past, but they have changed roles. The 
scientific community of active scientists and domain experts has to be involved in designing the next 
generation of measurements. These should be designed to be simple and relevant to policy makers. 
Next generation measurements should analyze as much data as possibly, use machine learning and more 
effective algorithms to look for patterns predicting breakthroughs. SF cautions, however, that since 
machine learning learns from data without being explicitly programmed, it may also learn the 
unconscious biases present in today’s processes.  
 
Policymakers – funding organizations 
Research is funded by tax payers’ money. Thus, politicians need to decide where the money goes. RF 
says that to assess science, we need quadrennial assessments. We need to read relevant papers, 4 areas 
of research in the past 4 years, 100 words to describe the impact of the new drug trial, and the factors 
in this research that impact society. Next generation impact metrics should enable simple, easy to 
understand quality assessment and measures of impact. 
AK suggests that the main criterion for evaluating grant requests should not be the quality of the grant 
proposal. It would be much better to give a young researcher research credit, for example Eur100k-200k  
and then evaluate the results after 2-3 years, and grant subsequent credit on this basis. As the researcher 
advances in her career, support can escalate to projects worth millions. The key point is that researchers 
should be judged by their results. This would encourage more researchers to do different things. It is 
also important to create credit systems where researchers are evaluated by their peers. Next generation 
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impact metrics should provide data and tools to measure the research output of young researchers 
based on cumulative funding over multiple years. As concerns national assessments, AK calls for broader 
acceptance of the losses inevitable in science funding. Scientists and policymakers in Finland and 
Sweden have told him they expect 75% of their investments in science research to give no return. 
SF recommends giving research grants to young deserving scientists to work on FET – Future and 
Emerging Technology - programs. Although young scientists have deep knowledge of particular fields, 
and innovative ideas. they usually lack the skills to draft a proper FET proposal. Next generation impact 
metrics should provide data and tools to track research and FET grants awarded to young scientists. 
  
Summary of results 
Researchers sees the next generation of impact metrics as measuring the full range of research outputs 
and not just articles published.  
Senior scientists would like to see a shift of emphasis back to science and to openness and sharing and 
away from metrics, milestones, reports and deliverables.  
University administrators recommend that the next generation of impact metrics should explicitly link 
research outputs to industrial and medical applications and thus to their economic and societal impact. 
The next generation of impact metrics, based on big data and analytics, should integrate bibliometric 
and non-bibliometric data from all sources (i.e. publishers, data repositories, and digital research 
groups). 
Policy makers and funding organizations believe that the next generation of impact metrics should 
provide data, tools and reports linking grants to the research output of researchers, laboratories and 
universities. 
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4.3 What do metrics producers say about next generation metrics? 
According to CC, scholarly metrics are meant to be universal, quantifiable, field invariant and easy to 
communicate, conveying extrinsic characteristics of research. In his opinion, they should support 
qualitative and in-depth analytics of scholarly content and activities. He has already expressed his 
willingness to help develop the next generation of impact metrics, expanding the current functionalities 
of CiteSpace II. 
PK aims to go beyond bibliometrics and altmetrics to produce new research evaluation methods 
exploiting the full-text of publications. He is also interested in developing the next generation of impact 
metrics, using text and data mining as a key approach. 
GB states that Crossref provides information on how research is being shared, liked and commented on 
social media. He also discusses the Initiative for Open Citation (I4OC), a collaboration between scholarly 
publishers, researchers and other interested parties to promote unrestricted availability of scholarly 
citation data. APIs are available from Event Data and I4OC.  
IP confirms that Clarivate’s strategy is primarily citation-based. The organization is currently 
considering a partnership with Altmetrics.com to complete its portfolio. Clarivate is open to 
collaborating with non-profit organizations. One such collaboration is the grant discovery agreement 
with Impactstory, a non-profit organization that gives access to 100 million scholarly papers, providing 
16 million links to full text open access articles. Reference: http://unpaywall.org/data 
According to WM, Elsevier focuses on capturing content, and making the link through citations. More 
recently, alternative metrics and other types of metrics have become equally important. The goal of 
Scopus’ recent acquisition of Plum was precisely to integrate new media metrics. The reference point is 
where the research is being mentioned. Source types such as data, pre-prints, software and patents are 
recognized by Scopus but not yet integrated into the Scopus database. The roadmap for development is 
based on user demand. It is important to work with the community to define requirements on impact 
metrics. Today, services such as Journal Impact Factor, and Cite Score are available for free through an 
API. Elsevier is always willing to participate in initiatives and collaborations to develop new impact 
metrics. 
JH adds that metrics-based publications and on the links between basic research and applied research 
are part of Scopus’ DNA, Scopus uses publications and citations as proxies. As long as the applied 
research cites the basic research as a source, the links can be made. Scopus is also looking for new ways 
to define and measure other research outputs (i.e. presence in social media, number of tweets, video 
files, patent, software and data). He adds that Elsevier and Scopus promote the responsible use of 
metrics. He always recommends that evaluators avoid relying on any individual metric.  
 
Summary of results 
The bibliometricians and scientometricians interviewed are willing to help define and develop the next 
generation of impact metrics. They see opportunities to expand the functionalities of current tools to 
produce new research evaluation methods.  
Likewise, commercial providers confirm their willingness to collaborate to define the next generation 
of impact metrics both bibliometric and non-bibliometric, pointing out that some of the necessary tools 
are already available.  
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4.4 Known problems with current impact metrics 
Impact metrics have a strong influence on the scientific community, affecting the assessment of   
institutions of higher education and research as well as decisions concerning who gets promoted or 
hired, who receives grants, and who publishes where. 
In this situation, it is essential that the methods used to calculate metrics should be transparent, and 
reproducible and that their integrity should be auditable, and beyond question. (James Wilsdon, 2015) 
However, the current system, has several limitations: 
• The available impact factors present a limited view of the reality of scientific research. 
Existing measures are not good enough to answer specific questions by stakeholders. For instance, 
they provide no way of making comparisons between disciplines and no way of measuring the 
performance of specific groups.  Difficulties in accessing raw data make it difficult to produce novel 
indexes to differentiate the space or to ask custom questions. 
• Metrics create distorted incentives. 
The Leiden Manifesto acknowledges that indicators change the system through the incentives they 
establish. It is always better to use a suite of indicators– use of a single metric invites gaming and goal 
displacement where the measurement becomes the goal. 
Metrics and their role in promotion and funding decisions create strong incentives for scientists to 
publish in high impact journals. Conversely, journals are incentivized to publish research likely to 
produce high numbers of citations. This makes it difficult to publish vital but non-spectacular 
scientific results (e.g. replication studies, negative results, large data resources).  
• Metrics are easily gamed.  
The dominance of a small number of metrics creates an environment that is easily “gamed”, for 
instance, through “citation cartels” (groups of scientists who continuously cite each other’s work 
increasing their respective citation counts).  
• Metrics encourage publication bias.  
Publication bias is the bias introduced into the scientific record when journals focus on “high impact” 
positive results and refuse to publish negative results and other low impact results. This trend is at 
least partially driven by journals’ need to maximize their Impact Factors. In his recent article 
Prestigious Science Journals Struggle to Reach Even Average Reliability, Björn Brembs suggests that 
the methodological quality, and consequently, the reliability of published research works in several 
fields is inversely correlated with journal rank: the higher the rank of the journal the lower the 
reliability of the research results.  (Brembs, 2018) 
• The market is dominated by a small number of metrics providers. 
The ranking of academic institutions depends on commercial providers of the pertinent metrics. This 
creates an oligopoly: a situation where a few players set the rules. There is no space to produce novel 
indexes to differentiate the space and ask custom questions. This limits innovation, leads to 
unreasonable pricing and limits the choices available to user communities. The data provided is often 
expensive, restricted, and non-replicable. (Mike Rossner, 2007)  
• Scientific communities do not own the metrics production process. 
The data used to compute impact metrics comes from scientific communities, yet these communities 
do not own the production process. Many researchers have very little understanding how the more 
popular bibliometric indicators are determined, and no access to the underlying data. They thus have 
no way of replicating or validating the results. 
• Current metrics do not give proper credit for scientific outputs other than publications. 
As reported in D5.1 Altmetrics Status Quo, current metrics do not reflect scientific output that does 
not take the form of publications (e.g. data, code, research protocols, cell lines, animals, laboratory 
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equipment). Those indexes that do measure these outputs are not widely used and referred to. If we 
wish scientists to share their data and code, a key requirement for reproducibility, they should 
receive proper credit.    
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5. Conclusion: Implementing the next generation of 
impact metrics 
5.1 Return on research investment 
The immediate Return on Investment (ROI) for scientific funding of basic scientific research is scientific 
impact – improvements in knowledge of our physical, biological and social world. The Return on 
Investment (ROI) for applied research and the long-term Return on Investment for basic research is 
societal impact (i.e. impact on health, environment, the economy, etc.) However, many of these impacts 
are hard to measure and may only be apparent decades after the original investment. This creates a 
strong demand from funders and policy makers for metrics that predict impacts before they can be 
measured. The role of metrics in measuring output at different stages of the research process is shown 
in the picture below. (See Figure 3) 
Figure 3: The role of metrics in measuring output at different stages in the research process from basic 
research to applied research to societal impact 
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The current situation can be compared to the link between hypertension and cardiac disease. Basic 
research generates knowledge about the biological mechanisms through which hypertension leads to 
cardiac disease. At the applied level, this knowledge drives hospitals to give hypertension treatment to 
patients who are at risk. The long-term impact is a reduction in death and cardio vascular incidents. But 
the reduction takes place over decades. In the short term, the hospital measures the impact of its 
treatment programs by measuring the blood pressure of patients who receive treatments at regular 
intervals and recording adverse events. However, the only way to measure the true impact is through 
long term longitudinal studies showing the effects on morbidity and mortality. Importantly, not all 
treatments that reduce blood pressure are equally effective in reducing morbidity and mortality.  
 
If the strategic goal of hypertension management is to reduce morbidity and mortality, the strategic goal 
of scientific funding is scientific and societal impact. Hypertension management uses high diastolic and 
systolic blood pressure as predictors for this impact. There is a need to define equivalent predictors for 
scientific research.  
 
Basic Research produces publication, data, software, cell lines, equipment and methodologies. The 
immediate impact of these outputs among other scientists can be measured in terms of downloads, 
views, presence in social media etc. Over the years, reuse of these outputs can be measured by citations.  
 
Applied Research also produces publications, as well as products, treatments, technology components, 
medicines etc. In many cases, it uses outputs from Basic Research in the process. To measure the true 
scientific, societal, health, financial, economic, and environmental impact of basic research, it would be 
necessary to identify every step in the chain of events leading from basic research to societal impact. But 
this is rarely possible. Indeed, it is often very difficult even for applied research. 
 
This raises the question if, and if so, what metrics can predict the impact of basic and applied research 
before they happen, giving some, approximate measure of their likely Return on Investment. 
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5.2 SMART Metrics 
In November 1981 in Spokane, Washington, George T. Doran, a consultant and former Director of 
Corporate Planning for Washington Water Power Company coined the concept of “SMART goals”. Such 
goals should, he suggested, be Specific, Measurable, Agreed-upon, Realistic and Time-bound.  (Doran, 
1981) The letter A has also been used to mean Achievable or Attainable, and the letter R to mean 
Relevant. 
Specific. The goal has to be specific. If we want to set a goal for the effectiveness of dissemination, we 
use views, downloads, and presence in social media. If we want to set a goal for reuse, we use citation. If 
we want to measure reproducibility, we use a reproducibility index.  
Measurable.  The goal has to be measurable. To set goals for Basic Research, we need indexes to measure 
reuse of research outputs. Article citations measure reuse of articles in other articles.  We need new 
indexes to measure reuse of software, data, methods and other output and reuse of articles for purposes 
other than writing other articles. In Applied Research, we also need indexes to track products, 
treatments, technology components, medicine and other output. We need indexes to correlate Basic 
Research to Applied Research.  
Achievable, the goal has to be achievable. In research, the expected citation of a 100€K research grant 
should be different from the citation expectation of a 1B€ research grant and the expectation should be 
set accordingly. Equally, the expected citation should vary based on discipline and the kind of research.   
Relevant, the goal has to be relevant to our overall strategic purpose. We should not define it in terms 
of things that are not relevant (e.g. Journal Impact Factors).  In Basic Research, the goal is a high reuse 
of the output. Citation is one way to measure reuse. In Applied Research, we measure the reach of the 
output (i.e. number of users of the products, number of patients who will receive the treatment, number 
users of the technology components, number of patients who will benefit from the medicine).  
Time-bound, the impact we are measuring has to occur within a specific timeframe. We need to set 
different goal and use specific metrics to measure goals with horizons of weeks, years and decades. 
SMART metrics supports data driven positive changes in policy. They mitigate the risk of science led by 
ideology and special interests.   
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5.3 OpenUP Impact Data Services Platform: more data for the user 
community 
OpenUP proposes a new, open approach to impact metrics in a new platform offering a series of new 
impact data services. Details of the organizational and technical implementation details (e.g. hosting, 
performance) will be defined as the proposal wins acceptance. The main requirements of the services 
platform would include: 
• Increased coverage  
The service will include data that is not widely used in current metrics (e.g. citations of data, code, 
animals, laboratory equipment, experimental protocols, products, technology components, treatments, 
medicines). Figure 4 shows a high-level data map of what is currently available versus the proposed data 
for the next generation of impact metrics. 
Once the relevant data become available in source systems and repositories (i.e. ORCID, Scopus, 
ResearchGate, OpenAIRE, publishers), the platform will also be able to consolidate and aggregate gender 
information   
• New citation standards, and methods to link data 
The service will introduce new citation standards, and new ways of counting citations for data, code, 
animals, laboratory equipment, experimental protocols, products, technology components, treatments 
and medicine. These will be based on universal or global persistent identifiers (i.e. DOI, handles, ORCID), 
This means that researchers will need to share their results, and publishers, bibliometric providers, 
aggregators and repositories will need to adopt the new citation standards.  In principle the use of 
universal or global persistent identifiers would make it possible to link research that lead to the 
discovery of new physical principles (e.g. quantum physics) to the design and manufacture of devices 
based on such principles (e.g. transistors) to the design of systems using such devices (e.g. modern 
electronics). 
• Collection of impact data 
The service will collect the data required to calculate impact metrics (henceforward “impact data”). 
These will include article meta-data, links to data and code, reference lists, data for downloads, views 
etc.) and other data provided by publishers (social and media mentions, patents, etc.).  Key to this service 
is collaboration with bibliometric providers (i.e. Clarivate, Scopus, Crossref) and aggregators and 
repositories which already collect articles and article meta-data (e.g. OpenAIRE, CORE).  
The service will web interfaces and appropriate APIs offering users access to the data they require to 
reproduce current metrics (e.g. to calculate citation counts, and impact factors), to calculate metrics for 
specific subsets of data (e.g. all citations by a specific class of user), to produce novel metrics, and to 
share these metrics with the community.  The service will also allow users to develop new metrics in a 
collaborative public manner and to share them with other users
 Figure 4: Impact Metrics Data Map 
 
 
 
 
 5.4 OpenUP Impact Data Services Platform on the cloud, giving the 
community more tools to define, access and reuse impact metrics 
Development of the proposed OpenUP Impact Data Services Platform will require close collaboration 
with the research community, publishers, bibliometric providers, aggregators, and repositories. The 
proposed new approach is shown in Figure 5 and described in Table 4. 
Figure 5: OpenUP Impact Data, the process 
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Table 4: OpenUP Impact Data, the actors 
Steps Actor Description of Action 
1 Researcher The researcher shares research articles, data, and software with publishers. 
Share other research results (i.e.  cell lines, equipment, methodologies, theories) 
with relevant preprint servers, repositories and archives etc. 
The researcher accesses research results digitally, reading updates and citing 
the outputs in her own research. The researcher can download copies of articles 
and share them through their social network.  
2 Publisher The publisher publishes an article by a specific author on a specific topic with 
the relevant data, software, methods, cell lines, etc. The publisher communicates 
the findings to its intended audience through its journal dissemination channels. 
Finally, it preserves a fixed version of the paper for future reference and citation. 
For purposes of internal monitoring, publishers generate the impact data 
(views, downloads, tweets, presence in social media, and citation etc.) for 
articles they publish. including data and software citations if available. 
3 Bibliometric 
providers, 
Aggregators and 
Repositories 
Bibliometric providers, aggregators and repositories receive the citation, 
citation metadata and impact data on a pre-determined cycle.  
 
4 OpenUP Impact 
Data Platform 
The OpenUP Impact Data Platform receives the impact data from bibliometric 
providers, aggregators and repositories, consolidates and analyses the data and 
generates publication and non-publication related metrics. Where appropriate, 
create indexes for research outputs like methodologies, cell lines, and 
equipment, the platform may use Natural Language Processing, and Text and 
Data Mining algorithms.  
Impact data APIs (i.e. citation and citation metadata) are already provided by 
publishers and bibliometric providers today. The next step is for the platform to 
consolidate the data, remove duplicates and aggregate data from different 
sources into a single view. 
5 Users - 
Producers and 
Consumers  
The users pull information from the OpenUP Impact Data platform through a 
web display or an API. Users share and access new metrics created through the 
platform.  
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5.5 The high-level architecture, collection, aggregation and measuring the next 
generation impact metrics 
Based on the stakeholder and user community engagements, and requirements gathered in the previous 
steps, the project has validated the High-Level Technical Design described in Figure 6. The architecture 
of the system consists of the User Interface Layer, the Services Layer, the Data Access Layer, the System 
Enabling Layer, and the API Services.  
Figure 6: OpenUP Impact Data High-Level Technical Design 
 
The User Interface Layer will provide the interface for user communities to register, access and 
download Impact Data. It will also allow sharing of new metrics created from the Impact Data provided 
by the platform, for reuse and further development. 
The Data Access Layer will provide services for acquiring the content from external sources, and for 
managing and storing article metadata and impact data. Each service has a limited scope. In some cases, 
it may be possible to reuse functionality from other projects. 
The Services Layer will provide Impact Data functionality to the user communities: 
• Product Impact collection and aggregation: consolidates product impact related information from 
the impact data received from applied and basic research. 
• Treatment collection and aggregation: consolidates treatment impact related information from the 
impact data received from applied and basic research. 
• Technology components impact collection and aggregation: consolidates technology components 
impact-related information from the impact data received from applied and basic research. 
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• Drugs impact collection and aggregation: consolidates drugs impact related information from the 
impact data received from applied and basic research. 
• Emerging Applied Research impact collection and aggregation: consolidates emerging applied 
research impact-related information from the impact data received from applied and basic research. 
• Citation collection and aggregation: consolidates citation-related information from the impact data 
received for articles, products, treatments, technology components, drugs and other emerging 
research output. 
• Web Access collection and aggregation: consolidates web access related information from the impact 
data received. The service will aggregate web access for publisher that stores the articles and tracks 
web access, as well as, for repositories that also stores the full-text and provide web-access. 
• Downloads collection and aggregation: consolidates download-related information from the impact 
data received. In the simplest model, the publisher would store the article and upload data. In a more 
complex model the full text of the article and the uploaded data could be stored in the repository 
itself. 
• Social Media Mentions collection and aggregation: consolidates social media-related information 
from the impact data received. Similar to the above, it will aggregate social media mentions from  
publishers and repositories that monitor these data. 
• Emerging Impact Data Services: consolidates and aggregates new categories of impact data. 
The System Enabling Layer will manage the infrastructure and provide basic funtionality used by other 
platform services. These services will probably include the following: 
• Registration, Authentication and Authorization: access control, security and prevention of malware 
access.  
• Monitoring service: monitoring of hardware resources and platform services, generation of alarms 
when resources or services are not available, generation of usage statistics and support for resource 
allocation decisions. 
• Cloud service: management of hardware resources and execution of Open Metric components and 
tools on the European Open Science Cloud as a preferred approach. 
The Messaging service will provide asynchronous communication between the platform’s services 
API Services will contain sets of routines, protocols, and tools to access the Services Layer and 
aggregated Impact Data to develop applications. The API Services will be detailed as the Services Layers 
are validated and finalized. 
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5.6 Next generation impact metrics: application of advanced 
scientometric methods 
Scientometrics measures and analyses science, technology and innovation and has proposed a number 
of new potential metrics and methods for identifying the impact of science. As these measures are 
further developed, it will be possible to incorporate them to the OpenUP Impact Data Services Platform.  
As an example, we take the case of a term map based on keyword co-occurrence in the titles and 
abstracts of documents.  
 
Figure 7: Term maps visually represent high and low impact research areas 
 
The visualization of bibliometric data as networks, also known as ‘science mapping’, is a powerful tool 
for making large quantities of complex information easily accessible to a wide audience. One of the most 
common types of bibliometric network is a term map based on keyword co-occurrence in titles and 
abstracts of documents. Term maps offer various views on the topics covered in a set of documents by 
extracting words and short phrases contained within the title and abstract information using natural 
language processing. Next, the co-occurrence of these terms across all documents in the dataset will be 
analyzed to determine the position of each term in relation to the others on the map. VOSviewer, an 
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Open Source software developed by Ludo Waltman and Nees van Eck from CWTS at Leiden University, 
is a tool that can analyze and process term maps (see Figure 7). 
The distance between two terms reflects their relatedness measured by the frequency with which the 
terms occur together in publications. The stronger two terms are related, the closer to each other they 
are in the term map. Node size indicates the number of publications in which the term occurs; node color 
reflects the average citation impact of those publications relative to the average citation impact of all 
publications included in the map. Since older publications tend to accrue more citations than more 
recent ones, citation rates are normalized by year of publication to ensure like-for-like comparison. As 
per the scale shown alongside the map, dark blue to light blue indicates a below average citation impact, 
green an average citation impact, and yellow to red an above average citation impact. 
The global structure of a map is more reliable than its local structure because it usually indicates many 
different document groups reflecting cognate research areas and the way in which these areas relate to 
each other. The local structure indicates the relations between individual terms, but these are 
sometimes based on relatively small volumes of data. When interpreting a term map, the best strategy 
is thus to focus on broader areas in which most of the terms have similar relative impact; e.g. 
predominantly blue, or predominantly red, to know whether the topic of an article is part of a high or 
low impact research area. 
It is also possible to use different numeric metrics (e.g. publication activity) as a heatmap overlay; In this 
case, the heat scale shows the average publication year of documents containing a specific term. The 
larger the number of publications used to construct a map, the more accurate and reliable the map. Maps 
constructed from large datasets tend to be more accurate than maps constructed for smaller ones. This 
can be compensated for by expanding the publication window for smaller journals to include more 
publications. The main caveat of term maps is that they are only as good as the data that they are based 
on; e.g. database coverage, database indexation lag, and citation windows for very recent content. 
As OpenUP Impact Data Services collect more data, and as citation standards and citation styles evolve 
to include other research output, tools like term maps can further evolve to visually represent high or 
low impact research areas. 
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Appendix A: List of Interviewees 
 
No Code Name Roles Organization Country 
1 SR Srikanth 
Ramaswamy 
Senior Scientist in the Cells & Circuits 
Section of the Simulation 
Neuroscience Division 
Profile: Srikanth Ramaswamy   
EPFL Switzerland 
2 IK Isabelle Kratz Head of Service, Scientific Information 
and Libraries 
Profile: Isabelle Kratz  
EPFL Switzerland 
3 AM Andreas 
Mortensen 
Vice President for Research,  
Full Professor Mechanical Metallurgy 
Laboratory 
Profile: Andreas Mortensen  
EPFL Switzerland 
4 PV Pierre 
Vandergheynst 
Vice President for Education 
Director of Continuing Education 
President, Doctoral School Committee 
Full Professor, Signal Processing 
Laboratory 2 
Profile: Pierre Vandergheynst 
EPFL Switzerland 
5 MH Michael Herzog Director, Doctoral Programme in 
Neuroscience 
Full Professor, Psychophysics 
Laboratory 
Profile: Michael Herzog  
EPFL Switzerland 
6 GE Gérard Escher Senior Advisor to the EPFL President 
Profile: Gerard Escher 
EPFL Switzerland 
7 AK Alois Knoll Professor and Chair of Robotics and 
Embedded Systems 
Project Coordinator of the EU-Project 
ECHORD++. Leader of the EU Human 
Brain Project  section on 
Neurorobotics.  
Profile: Alois Knoll  
TUM Germany 
8 KM Karlheinz Mier Professor (Chair) Experimental 
Physics 
Department of Physics and Astronomy 
Vice-Chair of the Science and 
infrastructure board and member of 
the directorate of the Human Brain 
Project, Fellow of European Physical 
Society, Director for neuromorphic 
computing of the EU HBP FET Flagship 
Project. 
Profile: Karlheinz Meier 
University of 
Heidelberg 
Germany 
9 RF Richard 
Frackowiak 
Former Director, Department of 
Clinical Neuroscience, CHUV 
University Hospital 
Former Head of Service of Neurology, 
CHUB University Hospital 
Professor of Cognitive Neurology, UCL 
Institute of Neurology 
Profiles:  
UCL – Richard Frackowiak 
UNIL, ICL UK 
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No Code Name Roles Organization Country 
UNIL – Richard Frackowiak 
10 WH Wolfram 
Horstman 
Chair, LIBER Working Committee on 
Infrastructure 
Duraspace Board of Director 
Honorary professor at Humboldt-
Universität zu Berlin 
Director, Göttingen State and 
University Library, Germany 
Profile: Wolfram Horstmann 
University of 
Gottingen 
Germany 
11 SF Steve Furber ICL Professor of Computer 
Engineering, School of Computer 
Science 
Honorary DSC from Queen’s 
University, Belfast  
BCS Lovelace Medal 2014 and 
Distinguished Fellow  
Science Council 100 leading UK 
practising scientist 
Profile: Steve Furber 
Manchester 
University 
United 
Kingdom 
12 GT Giovanna 
Tinetti 
Professor of Physics and Astronomy, 
Exoplanets 
Profile: Giovanna Tinetti  
UCL United 
Kingdom 
13 FF Frederick 
Fenter 
Executive Editor, Frontiers Media SA 
Manager, Inorganic Chemistry 
Program, Elsevier Science 
Post-doctorate in Physical Chemistry, 
CNRS 
MsC and PhD in Chemistry, Harvard 
University 
Profile: Frederick Fenter  
Frontiers 
Media SA 
Switzerland 
14 DS Daniel 
Sprichter 
Project and Policy Officer for open 
access to scientific peer-reviewed 
publications and research data 
Profile: 
https://about.me/dspichtinger 
European 
Commission 
Belgium 
15 CC Chaomei Chen Professor, Information Science, 
College of Computing and Informatics 
Specialty Chief Editor, Frontiers in 
Research Metrics and Analytics 
Profile: Chaomei Chen  
Drexel 
University 
USA 
16 IP Ian Potter Global Business Development 
Manager, Scholar One at Thomson 
Reuters (now Clarivate Analytics 
Profile: Ian Potter  
Clarivate 
Analytics 
United 
Kingdom 
17 JB Geoffrey Bilder Director of Strategic Initiatives, 
Crossref 
Co-founded Brown University’s 
Scholarly Technology Group 
Head of IT R&D at Monitor Group 
Profile: Geoffrey Bilder  
Crossref United 
Kingdom 
18 PK Petr Knoth Research Staff, Senior Fellow in Text 
and Data Mining, Faculty of Science, 
Technology, Engineering and 
Open 
University 
United 
Kingdom 
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No Code Name Roles Organization Country 
Mathematics, Knowledge Media 
Institute 
Co-founder Semantometrics.org 
Profile: Petr Knoth  
19 JS Jochen 
Schirrwagen 
Project Coordinator and Innovation 
Management Officer, OpenAIRE  
Profile: Jochen Schirrwagen  
OpenAire Germany 
20 WM Wim Meester Senior Product Manager, Content 
Strategy and Policy, Scopus 
MSC and PhD in Chemistry, University 
of Amsterdam 
Profile: 
The Scopus Product Team  
Scopus Netherlands 
21 GH Gemma Hersh Vice President, Open Science 
Elsevier 
Profile: Gemma Hersh  
Elsevier Netherlands 
22 JH Jörg Hellwig Analytical Product Manager 
Scopus, Elsevier 
Profile: Jörg Hellwig 
Scopus Netherlands 
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